To observe the inhibitory effects of an attenuated S. typhimurium strain carrying IL-2 gene (TPI) on hepatoma cell line (HepG2) and transplanted tumors in mice. TPI, TPG (an attenuated S. typhimurium strain carrying green fluorescent protein gene), and TP (an attenuated S. typhimurium strain) strains were transfected into HepG2 cells. At 48h after transfecting, the transfection rate was 82.58 ± 1.74%. The expression level of IL-2 was (99.5 ± 12.2) ng/1 × 10 6 cells. Compared with TPG, TP, and normal mouse groups, the proportion of CD4 + T and CD8 + T cells in the blood from the TPI group was higher, the levels of IgM and IgG 1 were significantly increased, and the proliferation activity of splenic lymphocyte was significantly stronger. The transplanted tumor weight in the TPI group was significantly smaller than that in the other two groups. The infiltration of lymphocytes increased in the tumor from TPI group mice. TPI was effectively transfected into cancer cells, which expressed the protein of interest. Oral administration of TPI prolonged survival of mice transplanted with hepatoma cell tumours.
Introduction
Carcinoma is one of the most deadly diseases of the 21st century. Traditional cancer therapies, such as surgery, radiotherapy, and chemotherapy, are limited in terms of their effectiveness. Many of these therapies have serious side effects, including damage to normal cells (especially hematopoietic and immune cells), anemia, bleeding, infection, gastrointestinal disorders, and alopecia. Furthermore, these therapies do not ensure complete remission and are less likely to be effective against metastatic cancers [1] .
Cells stimulated by mitogens produce interleukin-2 (IL-2), which influences the immune system, impedes the viral load, and has an effect on cancer cells [2] . Currently, IL-2 has few side effects and may be used locally to treat various cancers, including gastric cancer [3] , renal cancer [4] , lymphoma [5] , ovarian cancer [6] , pancreatic cancer [7] , lung cancer [8] , melanoma [9] , and bladder cancer [10] . However, it is difficult to make the orally administered IL-2 because of its short half-life and expensive cost of production, which is directly related to the complex separation and purification processes. As a result, some researchers have started to focus on IL-2-based gene therapy.
The attenuated S. typhimurium vector has many advantages in gene therapy. It can be used to transfer exogenous genes into cells due to its high invasiveness and low pathogenicity [11] . Additionally, it has the ability to selectively congregate around the tumor tissue [12] . The attenuated S. typhimurium strain Ty21a, which was used as a vector in this study, has been extensively studied with regard to its safety and immunogenicity in human vaccines for many years [13] . The main purpose of our study is to prepare the stable attenuated S. typhimurium strain expressing the IL-2 gene and to observe the effects of this strain on reducing HepG2 burden resulting in prolonged survival in mice. The results suggest that oral administration of attenuated S. typhimurium containing the IL-2 gene has the potential to inhibit hepatic cellular tumors.
Material and Methods

Reagents, Cells, and Animals.
The plasmid pcDNA4-green fluorescent protein (pcDNA4-GFP) and PBV220-IL-2 were maintained in our laboratory. The attenuated S. typhimurium Ty21a (strain no. 50218) was purchased from the National Institute for the Control of Pharmaceutical and Biological Products (Beijing, China). The human liver carcinoma cell line HepG2 was from ATCC (American Type Culture Collection). RPMI1640 and FBS were purchased from Gibco (Gibco, Grand Island, N.Y.). FITC labeled rat anti-mouse IgM, IgG 1 , and IgA (IgM-FITC, IgG 1 -FITC, IgA-FITC) antibodies, and FITC and PE double-labeled rat anti-mouse CD4 and CD8 (CD4-FITC/CD8-PE) antibodies were purchased from BD (BD Biosciences Pharmingen, San Diego, CA, USA). BALB/c mice were purchased from the Animal Centre of Gansu Chinese Medical College and raised under pathogen-free conditions before use. The Gansu Chinese Medical College Animal Studies Committee approved all experimental procedures.
Methods
Construction of Eukaryotic Expression Vector Carrying the IL-2 Gene.
The following primer pair was designed according to the human IL-2 gene sequence: the forward primer was 5 -GAATTCCAATGTACAGGATGCACCTCC-3 , and the reverse primer was 5 -CTCGAGAGTTAGTGTTGA-GATGATGCT-3 . The PBV220-IL-2 plasmid was used as a template for amplification of IL-2 cDNA by PCR, and the sequencing and accrediting were performed after ligating the PCR product with the T vector (Promega Corporation, 2800 Woods Hollow Road. Madison, WI 5371-5399, USA), which a convenient vector for the cloning of PCR products. The constructed T-IL-2 plasmid and eukaryotic expression vector pcDNA4 were double digested with the enzymes EcoRI and XhoI, ligated and transformed. The positive clone was identified by enzyme digestion and named pcDNA4-IL-2.
Preparation of Attenuated S. typhimurium Strain TPI (Containing Plasmid Expressing the IL-2 Gene), TPG (Containing Plasmid Expressing the GFP Gene), and TP (Containing Plasmid Vector).
The attenuated S. typhimurium Ty21a strain was inoculated in 50 mL LB medium and cultured for about 6 h (A 525 nm was 0.6). It was then collected by centrifugation at 4000 r/min at 4
• C. It was washed twice with precooled sterile deionized water, and then suspended in 1 mL precooled sterile deionized water. 0.2 μg pcDNA4-IL-2 plasmid, pcDNA4-GFP, and pcDNA4 plasmid were added into 200 μL of the above-mentioned strain and then transformed by electroporation (Multiporator electroporation system, Eppendoff, Germany). 1 mL SOC culture was added and mixed at 37
• C for 45 min. The mixture was spread onto a plate containing ampicillin.
Five colonies were picked from each culture plate and identified. The positive strain containing pcDNA4-IL-2 plasmid (named as TPI) was assessed by PCR for amplification of CMV and IL-2 genes, and EcoRI/XhoI double enzyme digestion after extracting plasmid. PCR for amplification of the CMV gene and fluorescence microscope observation were performed in screening of the positive strain containing pcDNA4-GFP plasmid (named as TPG). PCR for amplification of the CMV gene was performed in screening of the positive strain containing pcDNA4 plasmid (named as TP). The forward primer of cytomegalovirus (CMV) was 5 -CCCAGTACATGACCTTATGGG-3 and the reverse primer of CMV was 5 -GGAGACTTGGAAATCCCCGT-3 .
Expression of Target Protein after HepG2
Cell Transfection with TPG and TPI. The HepG2 cells were cultured in 6-well plates at 1 × 10 6 cells/well and washed twice with RPMI1640 (no antibiotics) the next day. 1 × 10 8 cfu of TPG and TPI were added into every well and incubated at 37
• C for 30 min. After washing twice with serum-free RPMI1640 containing gentamicin (50 mg/L), the HepG2 cells were incubated with RPMI1640 containing 10% FBS at 37
• C for 4 h, then administered tetracycline (the final concentration was 10 mg/L) for incubation for an additional 48 h. The expression of green fluorescence protein was observed by fluorescence microscopy, the transfection rate analyzed by flow cytometry, and ELISA was used to detect the expression level of IL-2 protein.
Repressive Effect of TPI on Transplanted Tumors in Mice
Oral Administration and HepG2
Cell Inoculation. Forty healthy BALB/c mice were randomly divided into four groups (10 mice in each group). TPI group treated with 0.1 mL 1 × 10 9 cfu/mL TPI; TPG group treated with 0.1 mL 1 × 10 9 cfu/mL TPG; TP group treated with 0.1 mL 1 × 10 9 cfu/mL TP; Normal group treated with 0.1 mL 10% NaHCO 3 . The solvent used was 10% NaHCO 3 . All mice were fed via a gastric tube once a week for a total of 3 times. Next, 5 × 10 5 HepG2 cells were suspended in PBS and injected subcutaneously into the left back of mice.
Detection of Lymphocyte Subsets and Immunoglobulin by
Flow Cytometry. One week after finishing oral administration, whole-blood samples were taken from the eyes of the mice in each group. T-cell subsets and immunoglobulin were measured by flow cytometry. In brief, 10 μL CD4-FITC/CD8-PE monoclonal antibodies (BD Biosciences Pharmingen, San Diego, CA, USA), 5 μL IgG 1 -FITC monoclonal antibody (BD Biosciences Pharmingen, San Diego, CA, USA), 5 μL IgM-FITC monoclonal antibody (BD Biosciences Pharmingen, San Diego, CA, USA), or 2 μL IgA-FITC monoclonal antibody (BD Biosciences Pharmingen, San Diego, CA, USA) were thoroughly mixed with 100 μL whole blood, respectively, and then placed the tubes in the dark for 15 min. Afterwards, 450 μL of erythrocyte lysing solution (BD, Franklin Lakes, NJ, USA) was added and mixed thoroughly followed by another 15 min incubation under the same conditions. At least 1 × 10 4 cells were counted and analyzed by flow cytometry (CellQuest software) for the percentage of cells that were positive for CD4 + T, CD8 + T, IgM, IgG 1 , or IgA.
Detection of Splenic Lymphocyte Proliferation by MTT.
One week after finishing oral administration, the spleens of three immunized mice from each group were harvested under aseptic conditions. Spleen single-cell suspensions were prepared and adjusted to 1 × 10 6 cell/mL using RPMI1640. Then the cells were cultured in 96-well plates (100 μL/well ) for detecting proliferation of the splenic lymphocytes by MTT. Different stimulators were added as follows: 5 × 10 5 cfu/mL TP, 5 × 10 5 cfu/mL TPI, or 5 × 10 5 cfu/mL TPG. PHA and LPS served as positive controls. Solvent PBS served as negative control. The OD was detected at 570 nm and the stimulation index (SI, SI = the average OD 570 of stimulated group/the average OD 570 of the negative control group) was calculated. This was used to scale the lymphocyte proliferation.
Expression of Target Protein after Oral Administration with TPG and TPI.
The second week after HepG2 cell inoculation, three mice in each group were sacrificed for detection of target protein expression. Serum, liver, spleen, kidney, lung, intestine, and cancer tissues of these mice from the TPI and TP groups were collected for detection of IL-2 protein expression by ELISA. The liver, spleen, kidney, lung, intestine, and cancer tissues of mice from the TPG group were prepared for observation of GFP expression by viewing frozen sections under the fluorescence microscope. At the same time, eukaryotic expression vector promoter CMV was detected from the liver, spleen, kidney, lung, intestine, and cancer tissues of mice from three groups by PCR. Thirty cycles of amplification were carried out at 94
• C for 30 s, 55
• C for 30 s, and 72
• C for 60 s, and then extended at 72
• C for 7 min.
Observation, Inoculation, and Tumor Detection of Mice after Oral Administration with TPI.
After inoculating HepG2 cells, the general condition of the mice was observed and mouse weight was measured on alternate days. Two weeks after tumor challenge, the tumors were taken from the mice and weighed on an analytical balance and the infiltration of lymphocytes was observed in the tumor. The infiltration of lymphocytes was observed in the tumor section from mice treated with recombinant attenuated S. typhimurium strains by microscopical examination of sections from representative areas that had the biggest number of lymphocytes. Coded specimens were evaluated quantitatively by two investigators unaware of the code. The medium number of lymphocyte was calculated by counting on five microscopic fields with an objective of ×200 (IX 71, Olympus).
Statistical Analysis.
All data are expressed as the mean ± standard deviation (SD) unless otherwise stated. The repeated and dual factorial ANOVA was used to analyze the data, which was obtained after 3 treatments and 6 treatments, from each group. A P < 0.05 was considered significant. SPSS, version 11.5, was used for the statistical analysis. 
Results
Preparation of Recombinant Attenuated S. typhimurium
Strain TPI, TPG, and TP. The clones of the TPI strain were identified by amplifying the CMV gene and IL-2 gene by PCR. The positive clone showed that both 140 and 490 bp DNA fragments were observed in agarose gel electrophoresis. The clones of TPG strain showed smooth round green translucent S type colonies on the LB plate containing ampicillin. The CMV fragment was amplified from a single colony by PCR. The GFP expression was observed under a fluorescence microscope after smearing a single colony (Figure 1) . TP contained the plasmid pcDNA4 and was successfully transformed into Ty21a bacterium. 
Expression of the Target Gene in Tumor Cells
Analysis of T Lymphocyte Subsets and Immunoglobulin.
To further elucidate the immune effects of the TPI administration, T-cell subsets and immunoglobulin levels were detected in blood samples from each mouse group by flow cytometry one week after finishing administration of the recombinant attenuated S. typhimurium strains. Compared with the TPG, TP, and normal groups, the proportion of CD4 + and CD8 + T cells in the blood of the mice in the TPI group was higher (P < 0.05). In comparison with the normal group, the proportion of CD4 + , CD8 + in the blood of the mice in the TP and TPG groups was also markedly increased (P < 0.05). No significant difference was observed in the CD4 + /CD8 + ratio from blood samples among the four groups (Table 1) . Compared with the normal group, the levels of IgM and IgG 1 of the TPI, TP, TPG groups were significantly higher (P < 0.01). Compared with the TP and TPG groups, the levels of IgM and IgG 1 of the TPI group were significantly higher (P < 0.01). Although the levels of IgA increased in the TPI group, it was not statistically significant (P > 0.05) ( Table 2 ).
The Proliferation Effect of Splenic Lymphocyte.
The stimulation index (SI) of splenic lymphocytes from each group changed when the splenic lymphocytes were stimulated by LPS, PHA, and other immunogens. Compared with the normal group and TP group, the proliferation activity of splenic lymphocytes was significantly higher in the TPI group (P < 0.05) when these cells were stimulated by TP, TPI, LPS, and PHA. Meanwhile, compared with the normal group, the proliferation activity of splenic lymphocytes significantly rose in the TP group (P < 0.05) when these cells were stimulated by TP, TPI, LPS, and PHA (Table 3) .
Expression of Target Protein after Oral Administration with TPG, TP, and TPI.
At the second week after HepG2 cell inoculation, the liver, spleen, kidney, lung, intestine, and tumor tissues of mice from the normal group and the TPG group were taken to prepare for observation of green fluorescent protein (GFP) expression by viewing frozen sections under the fluorescence microscope. Although the green fluorescence was observed in liver, kidney, lung, spleen, intestine, and tumor tissues of mice in the TPG group, it was strongest in the spleen and tumor (Figure 3) . No GFP was expressed in the normal group tissues. At the same time, three mice in the TPI, TP, and Normal groups were sacrificed for detecting target protein expression. Serum, liver, spleen, kidney, lung, intestine, and tumor tissues of these mice from the TPI and TP groups were collected for detecting IL-2 protein expression by ELISA. Compared with the TP group and normal group, the expression levels of IL-2 protein were significantly higher in the TPI group (P < 0.01). Meanwhile, compared with the normal group, the IL-2 expression level was significantly higher in the TP group (P < 0.01) ( Table 4 ).
Distribution of the Eukaryotic Expression Vector Promoter CMV.
At the second week after HepG2 cell inoculation, the eukaryotic expression vector promoter CMV was detected from the liver, spleen, kidney, lung, intestine, and tumor tissues of mice from three groups by PCR. CMV was regarded as the promoter of the eukaryotic expression vector pcDNA4.
The result demonstrated that a CMV fragment with the length of 140 bp was amplified from the liver, spleen, kidney, lung, intestine, and tumor tissues of mice from each group. The figure showed the result of TPI group (Figure 4 ).
Inhibitory Effect of TPI on Transplanted Tumors in Mice.
After inoculating HepG2 cells for one week, the mice in the TPG and TP groups became thin and appeared to have diarrhea. In the TPI group, the symptoms of the mice were not as severe. Compared with mice in the normal group, the body weight of the mice in the TPI, TP, and TPG groups was slightly decreased, but no significant difference or other obvious toxic effects were observed in mice from each group. Two weeks after tumor challenge, the transplanted tumor weight in the TPI group (0.54 ± 0.12 g) was significantly smaller than that in the other two groups (TP group: (1.27 ± 0.09)g; TPG group (1.23 ± 0.13)g, P < 0.01). Compared with the TP and TPG groups, the infiltration of lymphocytes increased in the tumor from the TPI group mice ( Figure 5 ).
Discussion
Cytokine gene therapy of cancer is one of the most promising biological therapies for cancer therapeutics. IL-2 cytokine can be used alone or in combination with other cytokines and is currently being adopted in the current research of gene therapy for cancer therapeutics. IL-2 cytokine, produced by T cells, is one of the most important lymphokines that may adjust the immune system and inhibit cancer and infection. Its ability to induce various immunocytes to proliferate and help them differentiate into T lymphocytes, B lymphocytes, natural killer cells (NK), and macrophages could have multiple uses. IL-2 could increase the IL-2R expression and the secretion function of macrophages. And enhance the killing effect of macrophages on pathogenic microorganisms. It also has the ability to induce the cells to secrete other cytokines, such as IFN-γ, TNF, and IL-4, and subsequently promote cell locomotion and reinforce cellcell contact [13, 14] . But Recent evidence reported that an IL-2 monoclonal antibody administration could inhibited metastasis of murine osteosarcoma [15] . The attenuated S. typhimurium is a Gram-negative intracellular facultative anaerobe transmitted via the fecal-oral route. Upon oral administration, S. typhimurium migrate to the gastrointestinal tract and colonize Peyer's patches of the small intestine, and enters the lymphatics and bloodstream by infecting inactivated macrophage and dendritic cells. The bacteria then escapes to systemic tissues including the liver, spleen, and lungs. The attenuated S. typhimurium is very compatible to serve as the vector for oral gene medicines because it may selectively congregate around the cancer tissue. Under the hypoxic environment, intermediate metabolites that are needed by the bacterium are present around the cancer tissue [16] . Furthermore, the cancer tissue produces immunosuppression factors, which inhibit the clearance of the bacterium by the immune system [17] . The kinetics of colonization of various tissues, examined in both mice and monkeys, provide some insight into to the mechanism of preferential accumulation of bacteria in tumors [18] . The mechanisms responsible for the initial infection of tumor, followed by preferential accumulation of bacteria to high levels, compared with normal tissues, are not completely understood [19] . Differences between tumor and normal vasculature and blood flow patterns could be involved in favoring entry into and entrapment of bacteria within tumors. Similarly, bacteria may be delivered to tumor by macrophages or monocytes, or perhaps other cells invaded by bacteria.
In this study, we found that the target protein could be strongly expressed in the spleen and the transplanted tumor after administrating the attenuated S. typhimurium carrying the target gene. It demonstrated that the recombinant attenuated S. typhimurium containing a eukaryotic expression plasmid could transform the exogenous gene into the tissues of mice and be expressed in these tissues. Attenuated S. typhimurium is one of the prevalent bacterial vectors in gene therapy and oral DNA vaccines, which could transfer multiple exogenous gene into host cells effectively [20, 21] . In vivo, live attenuated S. typhimurium strains penetrate into the intestinal epithelial barrier via M cells and macrophages, and reach the Peyer's patches, gain access to the gut-associated lymphoid tissue, migrate to the mesenteric lymph nodes (MLNs) and disseminate to the liver and spleen [22] . The malignant tumor produces many immunosuppression factors which are able to suppress the cellular immunity of the patient. Cellular immunity is one of the most important elements in antineoplastic processes, and the T lymphocytes play an important role in this process. The CD4 + cell is one of the main response cells of immune response which may produce lymphokines and differentiate into response-assisted cells (TH), killer T cells, or B cells. It may also promote humoral immune function to inhibit tumorigenesis. We found that the proportion of CD4 + and CD8 + T cells in the blood of the mice in the TPI group was higher than that in the TPG, TP, and normal groups. The levels of IgM and IgG 1 of the TPI group was significantly higher than that in the TPG, TP, and normal groups. The splenic lymphocyte proliferation activity of the TPI group increased under the condition of IL-2, LPS and PHA, compared with the TP group. In other words, the oral administration of the IL-2 gene mediated by attenuated S. typhimurium could really improve the level of cellular immunity and humoral immunity, thereby inhibiting the proliferation and pervasion of cancer cells.
When the cell supernatant containing IL-2 protein was directly administered to HepG2 cells, the effect on proliferation and migration was minimal. IL-2 protein mainly produced a marked effect on cancer in vivo by the various immune pathways. We found in the mice that were orally immunized with the attenuated S. typhimurium containing IL-2 gene after cancer inoculation, the transplanted tumor weight was much smaller compared to the TP and TPG group. And the infiltration of lymphocytes increased in the tumor from the TPI group mice. It suggests that the immune effect of TPI may be stronger than that of TP. The oral attenuated S. typhimurium recombined IL-2 (TPI) gene could really prevent the proliferation of cancer. And recent evidence suggested that oral administration of an attenuated S. typhimurium to express a truncated human IL-2 resulted in a maximal increase of splenic NK cell populations and decreased metastatic hepatic tumor burden. Its safety and the immunogenicity are investigated [23] . The oral gene therapy mediated by attenuated S. typhimurium could develop into a novel anticancer method, and it may encourage the research of other cancer vaccines.
Conclusion
The main purpose of our study is to prepare the stable attenuated S. typhimurium strain expressing the IL-2 gene (TPI) and to observe the effects of this strain on reducing HepG2 burden resulting in prolonged survival in mice. The results showed that oral administration of TPI has Journal of Biomedicine and Biotechnology the potential to inhibit hepatic cellular tumors in mice. TPI was targetly transfected into cancer cells, which expressed the protein of interest, and resulted in hepatic cellular tumor regression. It implies that TPI may be a potential gene therapy regent to inhibit hepatic cellular tumors.
